all had complete lesions at various levels ranging from C5 to S2. They can be conveniently divided into two groups. The first group, called 'acute' cases, con sists of 10 subjects who were first examined within three days of sustaining a complete lesion of the spinal cord between the fifth cervical and the third lumbar segments. They were studied on at least four successive days and six were followed up from 13 to 32 days after injury.
The second group, called 'chronic' cases, consists of 18 subjects with renal im pairment. Three of these had developed their renal impairment within 14 months of injury. The remaining 15 subjects were studied 5t to 20 years after they had developed their cord lesion. All patients in this group were suffering from chronic pyelonephritis with recurrent pyrexial attacks, persistent positive urine cultures and proteinuria. Some had calculosis, hypertension, vesico-ureteric reflux, or hydro-or pyonephrosis as shown by pyelography or at operation. In I I of these subjects a diagnosis of amyloidosis was established either by rectal biopsy or post mortem. In one of these (T. H.), a man aged 41 with a TI2 lesion, amyloidosis was diagnosed by rectal biopsy as early as 19 months after injury.
Analytical Methods. A total of 121 creatinine clearance tests and 99 urea clearance tests have been performed. Creatinine clearances were carried out over 24-hour periods in all cases. Urea clearances in the chronic cases and in four of the acute cases were carried out over two one-hour periods; in the remainder of the acute cases 24-hour collections were used. In all cases except C. L., who passed urine by expression of the bladder, urine was obtained by catheter.
Urine creatinine was determined by the method of Bonsnes and Taussky (1945) , which is based on the Jaffe reaction. Immediate analysis of the urine was not crucial as it was found that after standing for four days at room temperature, the changes in creatinine concentration of 10 random specimens ranged from -2 to + 4 mg./loo mI., with an average of + 0·8 mI.lloo ml. Urine urea was determined on the autoanalyser by a diacetyl method in the majority of cases; in a limited number of the acute cases it was measured by the hypobromite method. It is recognised that the latter method does not give as accurate results as the diacetyl method. A much more serious source of error in determining the urinary urea arises from the presence of urea-splitting organisms (e.g. Proteus) , in the bladder, leading to breakdown of urea before and after voiding, with the result that it is impossible to be certain that an accurate estimate of the urea output is being obtained.
One sample of blood was taken during the period of urine collection and analysed for creatinine by the method of King and Wooton (1956) , in which the effect of interfering chromogens is minimised by adsorption on Lloyd's reagent prior to the carrying out of the Jaffe reaction. The drawback of this method, in the non-specificity of the colour reaction, is recognised, but it is the best available for routine use. Blood urea was determined on the autoanalyser by the diacetyl method.
In four of the chronic patients with amyloidosis the ability to concentrate urine was investigated by depriving them of food and drink from 7 p.m. the previous evening until 10 a.m. on the day of investigation. Separate hourly specimens of urine were taken from 7 a.m. until 10 a.m. The osmolality of the urine was determined on an advanced osmo meter.
The results have not been corrected for surface area; this is never measured directly but is derived from a formula incorporating the height and weight of the patient. The clinical state of the acute cases and the presence of traction apparatus in tetraplegic patients precluded their being weighed. Moreover, the retention of fluid in the early stage, in particular following spinal cord injuries at higher level, could have led to considerable fluctuations in weight. In the chronic cases the pathological changes in the kidneys were generally of such a degree that such correction seemed superfluous.
RESULTS
(a) Acute Cases. Five of the ten acute cases were examined as soon as within 24 hours of injury, three within 48 hours of injury, and two within 72 hours of injury. Follow-up studies were carried out for a minimum of four days. The results of the parallel clearance studies on these 10 acute cases are shown in Table I . They are arranged in order according to the level of the cord injury.
Figures are given for the serum creatinine level in mg./loo ml., the creatinine clearance in ml./min. (performed on 24-hour specimens of urine), the blood urea concentration in mg./loo ml. and the urea clearance as percentage of average nor mal.
In six patients (T. J., G. McH., L. S., N. L., D. A. and W. G.) together with the final clearance on D. W. the urea clearance tests were performed over 24 hours. In the remaining four patients (S. I., D. K., D. W. and R. T.) the urea clearance tests were performed over two consecutive one-hour periods; the results for these periods are presented in brackets preceded by the average values. In most clearances the urine flow was less than 2 ml./min. and every subject had at least one clearance study when the urine flow was less than I ml./min. The Van Slyke formula was used to correct for this.
On three occasions (S. I. third day, D. K. fourth day and D. W. third day) it was impossible to collect two one-hour specimens of urine, because the catheters were blocked; accordingly, no figures are given for those days. On five other occasions (S. I. fourth day, D. K. first day, D. W. second day and R. T. fourth and sixth days) there was such a divergence between the urea clearance values obtained during the two separate one-hour periods that the tests were regarded as technically unsatisfactory and no average figure for urea clearance has been given; the reasons for these discrepancies were gross differences in the volumes and urea concentrations in the two specimens. Taking the lower limit of normal for urea clearance as 70 per cent. average normal, there were seven low-urea clearance values, but there were 12 other instances in which no value has been recorded for various reasons. Bearing in mind the fact that the Van Slyke correction formula had to be used, the poor correlation of the one-hour tests and the inherent error of a 24-hour urea clearance test, it was not thought profitable to pay too much attention to the urea clearance.
In only two cases (T. J. and D. K.) was a serum creatinine level found above the normal maximum (1.2 mg./IOO mI.). In each case this was on the first day after injury. Taking the lower limit of normal for creatinine clearance in men as 78 ml./min. (Tobias, McLaughlin & Hopper, 1962) , seven of the creatinine clearance figures in Table I were below normal. It may be noted that the abnormally low creatinine clearance figures coincided only in two cases (T. J. and D. K.) with increased serum creatinine levels, while in the other cases (G. McH., L. S. and D. A.) the serum creatinine was within normal limits.
Only two patients (R. T. and D. A.) did not show on at least one occasion a blood urea level above a widely accepted normal limit of 40 mg./loo ml. (Varley, 1954) . One patient (D. K.), who had a fractured pelvis and large haematomata in the groins, showed a figure of 83 mg./loo ml. on the first day after injury. The final column gives some clinical details, from which it can be seen that the two patients had normal blood urea concentrations throughout, had minor abrasions only in addi tion to their cord injury, whereas four of the remaining patients with raised blood 
Additional Injuries
No other injuries. Previously fit.
Cerebral concussion. Minor abrasions only.
Previously fit. Minor abrasions only.
Previously fit. Cerebral concussion.
Head Injury, concussion, fractured skull and pneumothorax.
Severe fracture and disruption of pelvis with injury to urethra; bilateral haematomata in groins. are based on 24-hour urine collections only. In the remaining patients, S. I., D. K., D. W. and R. T. the average figures are based on two one-hour collections of urine (values given in brackets). In the five instances marked with an asterisk, the discrepancy between the two one-hour urea clearances was so great that the figures tv were regarded as technically unreliable; therefore, no avera:;e figure has been given. w w urea levels had obvious major injuries from which the absorption of haem atom a could be expected to cause a pre-renal azotaemia.
(b) Chronic Cases. Eighteen patients were suffering from chronic pyelone phritis. There were two groups: the first group concerned five patients who were injured at least 10 years previously and 10 patients who were diagnosed either by recta1 biopsy or post-mortem as suffering from amyloidosis. The results obtained are shown in Table II. Four of the five patients without signs of amyloidosis (C. H., G. B., C. L. and B. J.) had raised serum creatinine values and creatinine clearances below the normal range. There was a poor correlation between the blood urea levels and the urea clearance figures. In these cases and in the cases L. H. and C. L. the blood urea was found to be normal although the urea clearance was pathologically low. It is of interest that G. T. L., who had been injuried for 20 years, had normal blood and clearance values of both creatinine and urea in spite of long-standing infection leading to renal calculosis, hydronephrosis and bilateral reflux.
The ten cases suffering from amyloidosis can be divided into: (a) those in terminal renal faulure (H. M., M. F., P. R., W. C. and G. A.) in whom, as one would expect the blood values are greatly raised and the clearance figures extremely low, and (b) the remaining five (G. W., K. W., G. M., P. O'D. and W. B.), all but one (P. O'D.) of whom had normal blood values and only slightly or moderately impaired clearance figures. Case P. O'D. appeared to be more severely affected, with raised blood values and very low clearance figures. Additional studies of tubu lar function were carried out on the four less severely affected cases (G. W., K. W., G. M. and W. B.) where in all cases an impaired concentrating ability was found as none could raise the osmolality of the urine above 577 mOsm./kg. (normal, 750 mOsm./kg., De Wardener, 1956 ).
The second group of chronic cases consists of three patients who showed signs of renal impairment within 14 months of injury. Table III gives the details and is arranged in a similar manner to Table 1. The reasons why these patients developed such early renal impairment are of the greatest interest and importance. D. B. had in addition to his spinal cord injury at T5, a large haemothorax; two days after injury his serum creatinine and blood urea were raised and creatinine clearance was below normal. The serum creatinine and blood urea had fallen by the lIth day, but the creatinine clearance had not altered. He developed a persistent urinary infection after two months and a cystogram at six months showed reflux on the right. At that time his serum creatinine (1'1 mg./IOo ml.) was in the upper range of normal, his creati nine clearance (86 ml./min.) was low normal, the blood urea (32 mg./Ioo ml.) was normal, and the urea clearance (48 per cent. avo normal) was low. The infection proved resistant to all forms of treatment and he now uses an indwelling catheter. By seven and a half months the serum creatinine was normal but the clearance had fallen to its lowest value (40 ml./min.) and although the blood urea was normal, the urea clearance was also low (57 per cent. avo normal). It would appear that the persistent infection is not limited to the lower urinary tract but has affected the functional integrity of the kidney.
T. H. is in contrast with the previous case in that, following his cord lesion at TI2, his bladder was well rehabilitated and he was discharged from hospital eight months after injury with a blood urea of 41 mg./Ioo ml. and with sterile urine, wearing a condom urinal. He was readmitted after a further five months with a residual urine of 20 oz. and little secretion on the LV.P. His urine was infected and there was proteinuria. Since that time there has been a persistent impairment of renal function as shown by the raised 
TABLE II

Long-standing Chronic Cases
Creatinine Urea 1. M. showed a response similar to other cases in the first days after injury (cf. Table I) ; he had a normal serum creatinine level, all three creatinine clearances were normal, two blood urea levels were above normal and the urea clearance was normal. He developed a severe urinary infection at eight weeks; subsequently a dilated right ureter was found. At 19 weeks he had a severe exacerbation of his urinary infection, his blood urea rising to 204 mg./lOo ml. The severe impairment of renal function is shown by the serum creatinine of 2·0 mg./loo ml., with a clearance of 41 ml./min. His subsequent improve ment under intensive therapy can be seen in the falling serum creatinine and blood urea levels and the rising creatinine clearance.
DISCUSSION
From all the data given in this paper it would appear that in the acute cases urea clearance is not a suitable test of renal function, as the rate of urine secretion is generally much less than 2 ml./min. owing to fluid retention, especially in high lesions, and cannot be increased by increasing the water intake. When urine is secreted at these low rates the proportion of urine reabsorbed in the tubules is increased. Various formulae have been devised to allow for this, but they do not express the true clearance. In our cases when the urine flow was less than 2 ml./ min. we used the formula of Van SlYke �\ V. As can be seen from Table I when two one-hour collections were used there was generally a definite discrepancy between the clearances for the two consecutive hours. We had to use 24-hour collections in some urea clearance tests, as some of the patients were on intermittent catheterisation and were secreting low volumes of urine.
The endogenous creatinine clearance does not suffer from these disadvantages since the clearance does not vary with the urine flow. As the serum of creatinine remains stable for long periods (Tobias et al., 1962) 24-hour level collections can be used minimising the inaccuracy of the clearance test arising from the technique of urine collections and from careless timing. The greater stability of creatinine in urine as compared with that of urea is an additional advantage. Miller and Winkler (1938) introduced endogenous creatinine clearance tests and this has been widely used as a measure of glomerular filtration rate. While in healthy individuals the clearance gives values essentially the same as those deter mined by inulin clearance, it is controversial whether this is the case in disease. Tjan et al. (1963) used creatinine clearance tests to study the question of acute ana chronic renal disease in non-paraplegic patients. Graber and Sevitt (1959) used the creatinine clearance as a measure of glomerular filtration rate in oliguric patients following severe burns and presented evidence to show that the ratio creatinine clearance . h .
. --IS t e same m a WI e vanety 0 con 1t1Ons mc u mg surglc mulm clearance shock following trauma.
On the other hand Berlyne et al. (1964) found in five out of six cases with mild impairment of renal function (five nephrotic and one with hypertension) gross discrepancies between glomerular filtration rate measured by inulin clearance and that measured by creatinine clearance and came to the conclusion that endo geneous creatinine clearance was not a reliable measure of glomerular filtration rate in their cases. , 
PARAPLEGIA
The major disadvantage of creatinine clearance tests lies in the difficulty of deciding what is actually measured in the serum. The use of Lloyd's reagent with a filtrate produced from a mixture of serum and protein precipitants in the recom mended proportion 'provides at present the most satisfactory method in the deter mination of creatinine' in serum (Owen, et al., 1954) . Bearing this in mind we found that the creatinine clearance test gave reproducible results.
In the group of acute cases we studied the effect of the level of the spinal cord transection on the renal function. In particular, we were interested whether or not the sudden interruption of the sympathetic control in complete lesions above T5 and in cervical lesions had any influence on renal function. No other work on this problem seems to have been published so far. Our findings clearly indicate that the level of the cord injury does not influence the creatinine clearance. The creati nine clearance as a reflection of glomerular filtration rate was found to be remarkably normal in the early stages following cord transection, thus indicating that the con tinuity of the spinal cord with the brain stem and the segmental innervation of the kidneys is not essential for the maintenance of a normal glomerular filtration rate. It is possible that the abnormal creatinine values on the first day after injury in T3 and D. K. (Table I ) are due to severe traumatic shock. In contrast, the blood urea level was profoundly raised in the early days following spinal injury as a reflection of tissue breakdown resulting from more or less large haematomata and other associated injuries of the spinal cord lesion.
In the chronic cases we were studying the effects of chronic urinary infection on renal function. Our findings of low creatinine clearance in these cases confirm the results of other workers in this field, suggesting as the main cause of damage chronic pyelonephritis (Rogers & Bors, 1950; Morales et al., 1956; Magee, 1957 Magee, , 1958 . Morales et al. and Magee in serial studies using the inulin clearances test as a measure of glomerular filtration rate found a progressive decrease in the clear ance. Our findings in the chronic cases are in accordance with this work. The terminal cases of chronic renal infection all showed a low glomerular filtration rate, and there was a good agreement between creatinine clearance and urea clearance tests. In the other chronic cases including those in whom a diagnosis of amyloidosis was made by rectal biopsy, the various figures were not generally severely reduced, but the presence of tubular damage in four instances could be deduced from the marked impairment of concentrating ability. That renal damage may occur within as short a time as 14 months is well brought out by the three cases reported above (Table III) .
Finally, attention is drawn to a major error which, in any clearance study in paraplegic and tetraplegic patients may be caused by the technique of urine collec tion. When urine secretion over a given period of time is not completely recovered from the bladder large errors may be introduced into the calculation. It is well known that in paraplegic patients who are not catheterised the residual urine may be as high as 300 m!. Even when a catheter is inserted it may be difficult to empty the bladder completely, in particular in flaccid lesions. Smith (1951) suggested wash ing out the bladder with saline and subsequent expulsion of this by air in order to achieve complete emptying. It was found in this and other spinal centres for some time that in the recumbent paraplegic patient the lowest point of the bladder is not necessarily drained by the catheter and that further urine may be obtained by abdominal expression of the bladder or at sitting or standing such a patient up. Rosenheim (1963) has emphasised that when reflux is present further urine may be obtained after the act of micturition has been completed. Guttmann (1963) has pointed out that in paraplegics and tetraplegics in whom bladder infection can be avoided and the urine remains sterile, the incidence of reflux is either non-existent or very rare, but there is no doubt that the incidence of reflux amongst paraplegics with infected urinary tract is appreciable and can be a further source of error.
We have examined the problem of residual urine in 20 patients. In 10 the bladders were drained and expressed when the patients were in the recumbent position, and as their clinical condition precluded their standing the head of the bed was elevated two feet and the procedure repeated. The greatest quantity of urine thus obtained was 16 mL In 10 chronic patients with indwelling Foley catheters, who were already able to stand in parallel bars or on crutches, the bladders were first drained while they were recumbent on a couch, and then aspirated by syringe. Finally the patients stood between parallel bars and the procedure was repeated. The volume of urine obtained varied from 0 mL to 14 mL Therefore, while in patients who are catheterised the error in urine collection may be smaller, in ,the chronic patients who are expressing their bladder or passing automatically tl:le presence of considerable residual urine would suggest that clearance studies in paraplegics may be useless unless a catheter is used. SUMMARY , Comparative studies on the endogenous creatinine and urea clearances were undertaken in 28 paraplegic and tetraplegic patients. The patients were studied at various stages following spinal cord injury. Special attention was paid to the renal function in the immediate and very early stages after spinal cord transection.
The creatinine clearance test was found superior to the urea clearance test as a measure of glomerular filtration rate. No significant influence of the level of the spinal cord transection on renal function was observed.
In the acute stages glomerular filtration rate as indicated by the creatinine clearances test was found remarkably normaL In contrast the blood urea level was profoundly raised as a reflection of the tissue breakdown.
Our findings of low creatinine clearance in the chronic cases were in accordance with the results of other workers in this field, indicating that the main cause of renal damage is chronic pyelonephritis.
RESUME
Les etudes comparatives des clearances endogenes de la creatinine et de l'uree ont ete entreprises chez 28 paraplegiques et tetraplegiques.
Ces mala des ont ete etudies a differents moments apres l'atteinte medullaire. L'etude de la fonction renale a ete specialement etudiee, immediatement apres et dans la phase aigue, suivant l'atteinte medullaire.
Le test de clearance a la creatinine a ete trouve comme plus indicatif que celui de l'uree comme mesure du taux de filtration glomerulaire.
Aucune influence significative du niveau de l'atteinte medullaire par rapport a la fonction renale n'a ete observee. Au stade aigii, Ie taux de filtration glomerulaire indique par la clearance a la creatinine etait remarquablement normal. Par contre, Ie taux d'utee sanquine etait considerablement eleve, ceci reflechissant les perturbations cataboliques tissulaires.
Nos resultats sur l'abaissement de la clearance a la creatinine, dans les cas chroniques, en comparaison avec les resultats des autres chercheurs dans ce domaine, indiquent que la pyelonephrite est la principale cause de l'atteinte renale.
PARAPLEGIA
ZUSAMMENFASSUNG
Vergleichende endogene Kreatinin und Urea Ausscheidungsstudien wurden an 28 Paraplegikern und Tetraplegikern ausgefii hrt. Die Patienten wurden in verschiedenen Stadien nach der Riickenmarksverletzung untersucht. Besondere Aufmerksamkeit wurde der Nierenfunktion in den Friihstadien der QuerschnittsHihmung gewidmet.
Die Kreatinin-Ausscheidungsmethode war der Urea-Ausscheidungsmethode iiberlegen. Ein Einfluss der Hohe der spinalen Uision auf die Nierenfunktion wurde nicht gefun den.
In den acuten Stadien war die glomuHire Filtrationsrate im allgemeinen normal. Dage· gen waren Ureawerte im Blut erheblich erhoht als Ausdruck von Gewebszerstorungen.
Unsere Befunde einer erniedrigten Kreatinin-ausscheidung in den chronischen Fallen stimmen mit denen anderer Autoren iiberein und bestatigen als Hauptursache der Nieren schadigung die chronische Pyelonephritis.
